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$\omega(a, t)=\omega(a, 0)\cdot\frac{\partial}{\partial a}x(a, t)$ (5)











$\omega_{i}(a, t)=(\omega_{j}(a, 0)+\int_{0}^{t}D_{j}(a, t’)dt’)\frac{\partial x_{i}(a,t)}{\partial a_{j}}$ , (6)
$D_{i}(a, t)= \frac{\partial a_{i}}{\partial x_{j}}\nu\triangle\omega_{j}$ (7)
[3] Truesdell [4]
([5,6] )








$D_{i}(a, t)=\epsilon_{jkl^{\frac{\partial a_{i}}{\partial x_{j}}\frac{\partial}{\partial x_{k}}\frac{D^{2}x_{l}(a,t)}{Dt^{2}}}}$ (9)






$\omega_{s}(a, t)=\omega(a, 0)\cdot\frac{\partial}{\partial a}x(a, t)$ , (11)
$\omega_{v}(a, t)=\int_{0}^{t}D(a, t’)dt’\cdot\frac{\partial}{\partial a}x(a, t)$ (12)
Cauchy Jacobi
( ) Cauchy





$fI\text{ }|\ovalbox{\tt\small REJECT}_{\text{ }^{}\backslash }$ |J $t-\mathrm{C}^{\backslash }\backslash l\mathrm{h}$
$dx=da \cdot\frac{\partial}{\partial a}x=\omega(a, 0)\cdot\frac{\partial}{\partial a}xds$



















$\tilde{u}=-\alpha x+u(x, y, t),\tilde{v}=-\alpha y+v(x, y, t),\tilde{w}=2\alpha z$
$\omega(x, y, t)=\frac{\partial v}{\partial x}-\frac{\partial u}{\partial y}$
$u,$ $v$ $r=\sqrt{x+y}$




$\omega(r, t)=\exp(2\alpha t)\Omega(\exp(\alpha t)r,$ $\frac{\exp(2\alpha t)-1}{2\alpha})$
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4 Runge-Kutta $\triangle t=10^{-3}$
$N=128,256$ $N=128$
[8] 90
2 random initial condition
Fig. la $\mathrm{b}$ $t=8$
[8]
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Fig.la :Time evolution of total energy
$\langle|u|^{2}\rangle/2$ .
Fig.lb : Time evolution of total energy










$\mathrm{F}\mathrm{i}\mathrm{g}.2\mathrm{a}$ : Energy spectra $E(k)$ at $t=2$ for
$\omega$ (solid), $\omega_{s}$ (dashed) and $\omega_{v}$ (dotted).
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Fig $.2\mathrm{b}$ : Similar plots of energy spectra









Fig 3:Normalized correlation coefficient
between $\omega_{s}$ and $\omega_{v}$ .
\sigma
( )
(16) $\langle|\omega|^{2}\rangle$ $\langle|\omega_{s}|^{2}\rangle$ $\langle|\omega_{s}|^{2}\rangle$ (
$\mathrm{F}\mathrm{i}\mathrm{g}.4\mathrm{a}$
$\frac{<}{<}\overline{|}\omega\lrcorner_{s}\omega|^{2^{\frac{2>}{>}}}’\frac{<|\omega_{v}|^{2}>}{<|\omega|^{2}>}$ , $\mathrm{F}\mathrm{i}\mathrm{g}.4\mathrm{b}$ $[perp]<\omega_{v}^{2}\llcorner><|\omega_{s}|^{2}>$ . $t=0$
$\langle|\omega_{v}|^{2}\rangle=0$
33
$\mathrm{F}\mathrm{i}\mathrm{g}.4\mathrm{a}$ : Time evolution of the ratios
$\frac{\langle|\omega}{\langle|\omega}s|^{2}B|\rangle\rangle$ (solid), and $\frac{\langle|\omega_{v}|^{2}\rangle}{\langle|\omega|)}$ (dashed).
Fig4 a $t=3$ 2 $\omega_{s}$ $\omega$ 5 $\omega_{v}$ $\omega$ 3
Fig4 $.\mathrm{b}$ $t=3$ 2 $\omega_{s}$ $\omega_{v}$ 07
Burgers 05
$\mathrm{F}\mathrm{i}\mathrm{g}.4\mathrm{b}$ : Time evolution of the ratio
.
Fig$.5\mathrm{a}$
$|\omega|^{2}$ ( $|\omega|^{2}$ 1/5) $\text{ }$
2 Fig$.5\mathrm{b}$ $t=2$ $|\omega|^{2},$ $|\omega_{v}|^{2}$





Fig $.5\mathrm{a}$ : IsO-vorticity surrfaces of $|\omega|^{2}$ at
$t=0$ .
$\mathrm{F}\mathrm{i}\mathrm{g}.5\mathrm{b}$ : IsO-vorticity surrfaces of $|\omega|^{2}$ and




















$\frac{\partial x_{i}}{\partial a_{k}}\frac{\partial a_{k}}{\partial x_{j}}=\delta_{ij}$ $t$ Jacobian
$\frac{D}{Dt}\frac{\partial a_{l}}{\partial x_{j}}=-\frac{\partial a_{l}}{\partial x_{\dot{*}}}\frac{\partial\dot{x}_{i}}{\partial x_{j}}$ (17)
$\frac{D\omega_{\dot{l}}}{Dt}=\omega_{j}\frac{\partial u_{i}}{\partial x_{j}}+\epsilon_{1jk^{\frac{\partial\ddot{x}_{k}}{\partial x_{j}}}}$. (18)
( $\nu=0$ )
$\frac{D}{Dt}(\omega:\frac{\partial a_{l}}{\partial x_{\dot{l}}})=\epsilon_{\dot{l}jk^{\frac{\partial\ddot{x}_{k}}{\partial x_{j}}\frac{\partial a_{l}}{\partial x_{i}}}}$ (19)
(9)
$D:(a, t)= \epsilon_{\dot{\iota}jk^{\frac{\partial}{\partial a_{j}}}}(\frac{D^{2}x_{l}(a,t)}{Dt^{2}}\frac{\partial x_{l}(a,t)}{\partial a_{k}})$ (20)
$D_{i}(a, t)=\epsilon_{jkl^{\frac{\partial a_{i}}{\partial x_{j}}\frac{\partial}{\partial x_{k}}\frac{D^{2}x_{l}(a,t)}{Dt^{2}}}}$ . (21)
(20)
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$\ovalbox{\tt\small REJECT}$ , $\partial x$ , $\partial j_{7}\partial x_{p}\partial x$ ’
$D_{i}(a.0\ovalbox{\tt\small REJECT} 0_{ijk}\ovalbox{\tt\small REJECT} J6_{ijk}Oa_{\ovalbox{\tt\small REJECT}}\partial$ \partial p $\partial 0_{\ovalbox{\tt\small REJECT}}\partial 0_{k}$
(22)
$\frac{\partial(x_{1},x_{2},x_{3})}{\partial(a_{1},a_{2},a_{3})}=1$
$\epsilon_{ijk^{\frac{\partial x_{p}}{\partial a_{i}}\frac{\partial x_{q}}{\partial a_{j}}\frac{\partial x_{r}}{\partial a_{k}}}}=\epsilon_{pqr^{\frac{\partial(x_{1},x_{2},x_{3})}{\partial(a_{1},a_{2},a_{3})}}}$
$D_{i}(a, t) \frac{\partial x_{q}}{\partial a_{i}}=\epsilon_{qpl^{\frac{\partial\ddot{x}_{l}}{\partial x_{p}}\frac{\partial(x_{1},x_{2},x_{3})}{\partial(a_{1},a_{2},a_{3})}}}$ (23)
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